Cell transplantation is commonly used in studies of CNS development, tumor biology, and gene therapy. Fluorescent dyes and the E. coli la& reporter gene are used to identify transplanted cells in host tissues. The usefulness of these methods depends on host autofluorescence and $galactosidase (p-Gal) activity. Our interest in the CNS vasculature led us to examine vascular autofluorescence and $-Gal activity in postnatal and adult rat brains. Brains were perfusion-fmed (3.7% paraformaldehyde), uyoprotected, and ayostat-sectioned (12 pm). Autofluorescent vessel profdes were quantitated in sections using rhodamine fdter sets and $-Gal-positive vessels were quantitated under brightfield after incubation of sections with X-Gal chromogenic substrate for 1-18 hr at 37%. Multifocal vessel autofluorescence appeared in postnatal Day (PND) 18 Lewis rats (0.6 2 0.4 vesselslfield) and increased tenfold in adults (6.8 * 0.3/field). The numbers of $-Gal-positive vessels in PND 18 and adult sections incubated with X-Gal for 18 hr were 21.1 2 1.7 and 119 2 17, respectively. Host $-Gal staining was similar to that produced by implanted endothelial cells expressing the bacterial la& reporter gene. Reducing incubation times in X-Gal to less than 4 hr eliminated endogenous staining and retained la&-specific staining. The presence of d a r autofluorescence and endogenous $-Gal activity must be COIlsideLed when either fluorrscenceor la& dependent cell markers are used in rat brain. (JHistochem  Cytochem 42953-956, 1994) 
Introduction
Our long-standing interest in blood-brain barrier and microvascular responses to CNS pathology led us to apply cell transplantation methodology to study the development and function of the cerebral microvasculature. Such investigations require reliable means of identdying and tracking transplanted cells over extended periods of time after their implantation in host tissues. Two distinct strategies for identifying transplanted cells are routinely used. Labeling cells with intensely fluorescent cell tracking dyes allows their identification in vivo by standard fluorescence microscopic techniques months after implantation (5, 6, 14) . Alternatively, sensitive histo-JL is a Clinician Investigator Development Awardee of the National Institute of Neurological Disorders and Stroke (NS-01329). MC received funding from the American Brain Tumor Association. ' Correspondence to: John Laterra, MD, PhD, Kennedy Krieger Research Inst., 707 N. Broadway, Baltimore, MD 21205. chemical techniques can be used to identdy reporter gene expression in transplanted cells. One of the most common reporter genes used is Escherichia coli lacZ, which codes for bacterial $-Galactosidase ($-Gal) (9, 15) . This enzyme generates an azure blue reaction product in the presence of the chromogenic substrate 5-bromo-4-chloro-3-indoyl-$-D-galactopyranoside (X-Gal) (13). Successful application of these identification systems is highly dependent on the background levels of endogenous fluorescence or galactosidase activity present in the host tissue of interest.
This report establishes that normal rat brain contains unusually distinct pattems of microvessel-associated autofluorescence and $-Gal activity. Our findings point out the need to recognize and assess background signals when fluorescent dyes or the lacZ reporter gene are used in studies related to the brain vasculature.
Materials and Methods
Endothelial Cell Labeling and Implantation. Endothelial cells used for implantation were originally isolated from Lewis rat brains, immortalized 954 LAL, CAHAN, COURAUD, GOLDSTEIN, LATERRA by transfection with the adenovirus 2 E1A gene and subsequently transfected with the MFG-lac2 expression vector. Endothelial cells were labeled with fluorescent PKH26 (Zynaxis Cell Science; Malveme, PA) according to manufacturer's and published protocols (5,ll) . For DiI-indocarbaymine, confluent cells were incubated for 1 hr at 37°C with 40 wglml of tracking reagent in growth medium. Cultures were then rinsed with complete medium and trypsinized immediately before implantation (1) . These cells were implanted stereotactically in adult Lewis rat caudatelputamen with a 26-gauge. beveled tip Hamilton syringe. With bregma as a landmark, injection site coordinates in 200-250 g rats were L 2.5 mm at a depth of 3 mm from dura. Cells were injected in 5-pl volumes and the needle was left in place for 2 min after injection to limit leakage. Tissue Preparation. Rats were anesthetized with ether and after thoracotomy the right atrium was incised and a cannula was inserted into the left ventricle, which was then perfused sequentially with 120 mM NaCI, 2.7 mM KCI in 10 mM phosphate buffer, pH 7.4 (1 ml/g body weight), and lastly with 3.7% paraformaldehyde. Brains were placed in the same fixative for 30 min, uyoprotected in 30% sucrose in PBS, and frozen on dry ice. Tissue sections were cut 12-20 pm thick with a Microm cryostat and mounted on gelatin-subbed slides.
~-Galaaosidase Histochemistry.
Mounted sections were rinsed with PBS three times and then incubated at 37'C for the indicated times in PBS containing 1 mglml5-bromo-4 chloro-3-indoyl-~-~-galactopyranoside (X-Gal), 20 mM potassium ferricyanide, 20 mM potassium ferrocyanide, and 2 mM MgC12 (9,15). Sections incubated in the absence of X-Gal substrate were used as negative controls. Sections were then rinsed in PBS and mounted in 90% glycerol in PBS containing 0.02% sodium azide.
Evaluation of Tissue sections. Fluorescence was examined with standard rhodamine filter sets and galactosidase activity was assessed under brightfield using a Leitt Aristoplan microscope equipped for epifluorescence with a 100 W halogen illuminator. The number of autofluorescent vessel profiles per x 16 field (1.8 mm2) and the number of galactosidasepositive vessel profiles per hemisphere were quantified by manual counting.
Results

Brain Microuascular Autofluorescence
Examination of perfusion-fixed frozen sections of the brains of 200-250-g adult Lewis rats by use of standard rhodamine filter sets Lewis rat brain containing implanted rat brain endothelial cells that express the lac2 transgene (RBEZ). RBEZ cells were implanted by stereotaxic injection to caudatdputamen 24 hr before sacrificing animals. The section was incubated for 2 hr with the X-Gal chromogenic substrate, mnditions that specifically visualize cells expressing the bacterial form of W a l (arrowheads). Bar = 100 vm. Postnatal Age (days) revealed intense multifocal fluorescent cells associated with smalland medium-sized blood vessels (Figure 1 ). Similar patterns of vesselassociated autofluorescence were observed in adult Fischer and Long-Evans rats. The resolution limitations of light microscopy made it difficult to determine if autofluorescence was positioned at luminal or antiluminal locations. The intensity of vessel-associated autofluorescence in adult rats was somewhat less than that produced by stereotactically implanted cells that had been labeled with either of the fluorescent cell-tracking dyes DiI-indocarbocyanine or PKH-26 immediately before implantation (not shown). Vesselassociated autofluorescence was quantified in brains obtained from h i s rats at different postnatal ages. Autofluorescence was not observed in brains isolated from pups before PND 18 and became prominent by PND 25 ( Figure 4A ).
CNS VASCULAR FLUORESCENCE AND ~-GALAcToSIDASE
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Brain sections from 200-250-g adult Lewis rats were stained histochemically for P-Gal activity with the chromogenic substrate 5-bromo-4-chloro-3-~doyl-~-D-~actopy~oside (X-Gal). Sections stained for 4 hr or more contained prominent small foci of dense blue staining exclusively associated with the micrwdsculature ( Figure  2 ). Similar results were obtained with Long-Evans and Fischer rats.
Omitting the X-Gal chromogenic substrate eliminated all blue staining. The quality and intensity of staining in normal rat brains were indistinguishable from those generated by stereotactically implanted endothelial cells expressing the la& transgene (Figure 3 ). Quantitative analysis demonstrated development of galactosidase-positive vessel profiles in Lewis rats between PNDs 10 and 18 ( Figure 4B ). Detection of endogenous B-Gal was found to depend on the reaction time in X-Gal substrate; the blue staining was barely detectable with reaction times of less than 4 hr ( Figure 5 ). In contrast, bacterial B-Gal activity resulting from lac2 expression in stereotactically implanted endothelial cells was easily detected in tissue sections incubated in X-Gal for 2 hr (Figure 3 ). 
Discussion
We were surprised to discover such similar pattems of background for the two different cell tracking methods examined in this report. The autofluorescence observed might be due to perivascular fluorescent monoamines or lipids. Dhlstrom and Fuxe (3) first demonstrated brain histofluorescence due to monoaminecontaining neurons and subsequent studies demonstrated autofluorescent monoaminergic neuronal fibers adjacent to vessels within brain (4,7) . The perivascular autofluorescence attributable to these neurotransmitters typically occurs in patterns that are distinct from those described in this report. Another common source of cerebral autofluorescence is ceroidlipofuscin, a complex lipid found in multilamellar cytoplasmic vesicles (17) . Lipofuscin accumulation in neurons is a hallmark of Batten's disease but is also found to lesser degrees in normal aging. Vessel-associated phagocytic cells, such as pericytes and microglia, might accumulate other fluorescent lipids. The histological patterns expected to be produced by such cells would be consistent with the fluorescence described in this study. We found that, similar to the fluorescence associated with D I -and PKH26-labeled cells, autofluorescence was greatly reduced by briefly treating tissue sections with nonionic detergent or organic solvent. This also implicates a lipid-containing autofluorescent structure. Tissue edges can produce artifactual fluorescence. This was occasionally observed but in patterns clearly distinct from the fluorescence described here. Furthermore, the developmental onset of vessel-associated autofluorescence makes it difficult to attribute it to an artifactual edgerelated phenomenon. Consequently, the exact nature of the autofluorescence observed in our study remains speculative.
Brain endothelial cells express lysosomal (3-Gal that might account for the endogenous enzyme activity found in this study (2) . However, the multifocal pattern of host staining suggests that perivascular lysosome-rich phagocytic cells may be responsible. Using immunological techniques, Novikoff et al. (12) identified (3-Gal in perivascular cells of rat cerebellum. The ability to detect specifically bacterial (3-Gal by histochemical enzymatic assays depends in part on its neutral pH optimum, which differs from that of mammalian . The mammalian enzyme occurs predominantly within lysosomes and has a pH optimum of 3.0-4.5, although isoforms with pH optima of 5.5-6.0 have been described in liver, kidney, and intestine (16) . Therefore, we found that very briefincubations with X-Gal(2 hr at neutral pH) were optimal for detecting bacterial enzyme in the absence of appreciable background staining. However, with longer reaction times (4-18 hr) often used for this histochemical procedure (10,15), there was substantial host staining that was indistinguishable in intensity from that due to la& expressing cells. The effect of tissue thickness, a variable not examined in this study, will influence optimal reaction times in X-Gal. Lower reaction temperatures have been used to diminish background staining (15) and monoclonal antibodies that are specific for the bacterial form of (3-Gal may also be useful in distinguishing the bacterial and mammalian enzymes (8) .
In summary, histochemically detectable fluorescent cell tracking dyes and the la& reporter gene are commonly used to assess the success of cell implantation and in vivo transgene expression. We show that brain microvessels in early postnatal and adult rats may contain substantial autofluorescence and endogenous (3-Gal activity. The marked quantitative increase in these background sig-nals during development emphasizes the importance of agematched controls when fluorescence and la& tracking methods are used to assess the long-term survival of cell transplants originally placed in immature animals. Particular care must be taken in applying these cell markers to studies involving the mammalian cerebral microvasculature. In addition, the need for rigorous controls in any study using these tracers must be emphasized.
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